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from palm sugar in Myanmar, has been reported (Nagatsuka et al., 2005) . In this study, we determined the taxonomic characteristics of two powdery yeast isolates that were the closest to P. burtonii (97% similarity) and, secondarily to C. fennica (96% similarity), in the 26S rDNA D1/D2 domain nucleotides sequences, and we describe herein for those two isolates a new species, Candida khmerensis sp. nov.
Four other strains of P. burtonii with poor taxonomic data that were preliminarily identified as P. burtonii were preserved, in addition to P. burtonii IFO 10837 T , in the Institute for Fermentation, Osaka (IFO), one of the Japanese culture collections. The taxonomic characteristics of these four other strains of P. burtonii were also examined. P. burtonii IFO 0844, IFO 1196, and IFO 1986 were isolated from tamari-koji in Japan, from sputum in The Netherlands, and from banana fruit, Musa sapientum, in Japan, respectively; IFO 6130 came from the CBS culture collection and its origin is unknown.
Materials and Methods
Isolation of yeasts and reference strains. Novel cation-tolerant yeasts, K28-3-2 T and K26-1-4, were isolated, respectively, from dry salted shrimp that was sold in the market and from sewage at the factory where salted fish used in fish-sauce and paste (Prahoc) is produced, in Siem Reap province, Cambodia. The isolation was carried out by an enrichment culture using 20% glucose YM (yeast-extract and malt-extract) broth containing 0.3% yeast extract, 0.3% malt extract, 0.5% peptone, and 0.005% chloramphenicol to inhibit bacterial growth. Cultivation was performed at field room temperature for a week or so. The purification of the two strains was done by employing the dilution method. Five strains of P. burtonii, IFO 10837 T , IFO 0844, IFO 1196, IFO 1986 and IFO 6130 , and the type strain of C. fennica, IFO 10276 T , were used as reference strains. All strains were stocked on a YM (0.3% yeast extract, 0.3% malt extract, 0.5% peptone and 1% glucose) agar slant.
Sequencing and phylogenetic analyses of the 26S rDNA D1/D2 domain, 18S rDNA, and the ITS region with 5.8S rDNA. The procedure for the determination and analyses of the rDNA sequence has been previously described (Nagatsuka et al., 2002; Yamada et al., 1999) . Primers NL-1 and NL-4 (O'Donnell, 1993) were used to synthesize and sequence the 26S rDNA D1/D2 domain fragment. Primers P1 and P2 were used to synthesize the 18S rDNA fragment; and primers P1, P2, P3, P4, P5, P6, P7, and P8 (Yamada et al., 1999) , were used to sequence the 18S rDNA. For amplification and sequencing of the ITS region with 5.8S rDNA, the primers ITS-1 and ITS-4 were used (White et al., 1990) . For sequencing of the ITS region with 5.8S rDNA, the primers ITS-2 and ITS-3 were also used (White et al., 1990) . The sequences of the 26S rDNA D1/D2 domain, 18S rDNA, and the ITS region with 5.8S rDNA determined in this study were deposited in the DDBJ database under the following accession numbers: the D1/D2 sequences of 26S rDNA of isolates, K28-3-2 T and K26-1-4, are AB158648 and AB158649: the ITS region with 5.8S rDNA and the 18S rDNA of isolates, K28-3-2 T and K26-1-4, P. burtonii IFO 10837 T and C. fennica IFO
10276
T are AB158650-AB158657. Considering the secondary structure of 26S rRNA (Hwang and Kim, 2000) , the sequence regions for which the alignment was questionable (nucleotide positions 62-78, 97-114, 172-194 and 379-384, according to the C. khmerensis numbering system (AB158648)) were not used in the construction of the phylogenetic tree based on the 26S rDNA D1/D2 sequences. Gaps and uncertain positions in the database (submitted as "n") were excluded when the tree was drawn using CLUSTAL W ver 1.6 (Thompson et al., 1994) . The phylogenetic tree was constructed based on 399 nucleotides of the 26S rDNA D1/D2 domain sequences out of a total of 525 nucleotides determined, excluding uncertain aligned regions. The species and accession numbers in the nucleotide sequence cited from the database are listed in Fig. 1 . Physiological, biochemical, and morphological characteristics and the ubiquinone system. The physiological and biochemical tests were performed using the standard methods described in The Yeasts, A Taxonomic Study (Yarrow, 1998) . The effects of osmotic pressure were tested in terms of the ability to grow at high concentrations of sugar, 50% and 60% (w/w) glucose (Yarrow, 1998) . The cation-tolerance of the yeast strains has been evaluated according to their growth ability in YM broth containing the Li cation (LiCl), which is the analogue of the sodium cation with higher toxicity than sodium. After incubation for 2 weeks at 28°C in YM broth supplemented with LiCl at various concentrations, the growth was scored (Nagatsuka et al., 2002) . Cell morphology was determined using light mi-croscopy after cultivation on YM agar at 28°C for 3 days. The quinone systems were determined by highperformance liquid chromatography (Hitachi La Chrom L-7400) with the column (COSMOSIL 5C18-MS) according to the method of Yamada and Kondô (1973) and Kuraishi et al. (1985) .
DNA base composition and DNA-DNA relatedness. The yeast DNA for the DNA base composition analysis and DNA-DNA hybridization test was extracted and purified by a modified version of Marmur's method (1961) from freeze-dried cells mashed in ceramic bowls and purified again by ultra-centrifugation (Hamamoto and Nakase 1995; Nagatsuka et al., 2002) . The DNA base composition was determined by high-performance liquid chromatography (Hitachi La Chrom L-7400) according to the method of Tamaoka and Komagata (1984) . DNA-DNA hybridization was carried out according to the photobiotin-microplate method of Ezaki et al. (1989) . Hybridization was performed at 39°C in a 2ϫ SSC buffer containing 50% (v/v) formamide on an immuno plate (Nunc). The detection after hybridization has been described (Nagatsuka et al., 2002) .
Microsatellite PCR fingerprinting. The yeast DNA for Microsatellite PCR (MSP-PCR) was prepared using the GenTleKun TM kit (TaKaRa Co.). PCR amplification using the microsatellite primers (GTG) 5 and (GAC) 5 was performed according to the modified and combined versions of Baleiras Couto et al. (1996) and Gadanho et al. (2002) , as follows. Amplification reactions were performed in a volume of 25 ml containing 200 mM dNTPs, 0.2 mM primer, 0.15-0.2 ng of genomic template DNA, 2.5 units of TaKaRa Ex Taq TM DNA polymerase, and 2.5 ml of 10ϫ Ex Taq TM Buffer attached by the company (TaKaRa Co.). The GeneAmp ® PCR System 9700 (Perkin Elmer) was programmed for 40 cycles of 15 s at 94°C, 45 s at 55°C for primer (GTG) 5 , or 45°C for primer (GAC) 5 , and 90 s at 72°C, and a final extension of 4 min at 72°C. The PCR products amplified with primer (GTG) 5 and (GAC) 5 were analyzed by electrophoresis in 2.0% agarose gel at 50 V for 4 h and 1.8% at 50 V for 3 h, respectively. The gels were stained with ethidium bromide and photographed in UV light by the Gel Doc 1000 (Bio Rad). Similarities among the isolates were estimated using the Dice coefficient (Dice, 1945) , and cluster analysis was performed using the UPGMA (unweighted pairgroup method using arithmetic averages) algorithm (Sneath and Sokal, 1973) .
Results and Discussion
Phylogenetic analyses based on the 26S rDNA D1/D2 domain and 18S rDNA sequences Five hundred and twenty five nucleotides in the 26S rDNA D1/D2 domain of two isolates, K28-3-2 T and K26-1-4, were determined. The 26S rDNA D1/D2 sequences of isolates, K28-3-2 T and K26-1-4, were found to be identical. The 26S rDNA D1/D2 sequences for isolates, K28-3-2 T and K26-1-4, were the closest to T and K26-1-4, clustered together with P. burtonii and C. fennica by a robust node with a bootstrap value of 100% in the phylogenetic tree based on the 26S rDNA D1/D2 sequence (Fig. 1) . From the phylogenetic analysis based on the 26S rDNA D1/D2 nucleotide sequences, it appeared that two isolates, K28-3-2 T and K26-1-4, should be assigned as new species (Kurtzman and Robnett, 1998 
Morphological and physiological characteristics
The morphological and growth characteristics of the two isolates were tested in comparison with five strains of P. burtonii and the type strain of C. fennica. The results of the physiological test regarding P. burtonii IFO 10837 T , IFO 0844, IFO 1196, IFO 1986 and IFO 6130, and C. fennica IFO 10276 T in this study are consistent with the assertion in The Yeasts, A Taxonomic Study found to have Q-8 as the major ubiquinone, the same as P. burtonii 
a Results are scored as: ϩ, with growth; Ϫ, no growth. dida khmerensis sp. nov.
Rapid diagnostic separation of C. khmerensis, P. burtonii, and C. fennica
To provide a rapid diagnostic method for separation of the three close species, C. khmerensis sp. nov., P. burtonii, and C. fennica, MSP-PCR fingerprinting with micro-satellite oligonucleotide primers (GTG) 5 and (GAC) 5 , which have been demonstrated to be appropriate for inter-and intra-species differentiation for ascomycetous yeasts (Baleiras Couto et al., 1996; Capece et al., 2003; Rodrigues and Fonseca, 2003) , was carried out. The PCR fingerprints are depicted in Fig. 2 , and their respective dendrograms resulting from the numerical analysis of the PCR profiles obtained with the two primers are shown in Fig. 3 . The banding profiles of C. khmerensis sp. nov., K28-3-2 T and K26-1-4, are almost identical to each other and are clearly different from those of P. burtonii and C. fennica ( Fig. 2 and Fig. 3 ). The banding profile of P. burtonii showed intra-heterogeneity (Fig. 2) , but all of the strains of each single species had similar banding patterns and clustered together in the dendrogram (Fig. 3) . The ITS regions with 5.8S rDNA were examined with regard to their usefulness as molecular markers to distinguish the three close species, C. khmerensis, P. burtonii, and C. fennica, from each other. The nucleotide sequences of the ITS region with 5.8S rDNA in C. khmerensis K28-3-2 T and K26-1-4, P. burtonii IFO 10837 T , IFO 0844, IFO 1196, IFO 1986 and IFO 6130, and C. fennica IFO 10276 T were determined and compared (Fig. 4) The ITS regions of P. burtonii IFO 0844, and IFO 6130, were found to be nearly identical, differing by 3 substitutions and 3 gaps from P. burtonii IFO 10837 T . P. burtonii IFO 1196 and IFO 1986 had several kinds of ITS regions (data not shown). The heterogeneity of P. burtonii was predicted from the nucleotide sequence data for the ITS regions, MSP-PCR fingerprinting, and cation (Li ϩ )-tolerant properties. However, the variability of those characteristics was somewhat lower than the differences among those of the three species, C. khmerensis, P. burtonii, and C. fennica. Consequently, C. khmerensis, P. burtonii, and C. fennica can be easily identified by the MSP-PCR fingerprinting pattern obtained by using a primer, (GTG) 5 or (GAC) 5 , or by either the 26S rDNA D1/D2 or ITS region with 5.8S rDNA nucleotide sequencing.
Description
Latin diagnosis of Candida khmerensis sp. nov. Nagatsuka, Kawasaki, Mikata & Seki
In medio liquido YM post dies 3 ad 28°C, cellulae sphaeroidae vel ovoideae (2.5-4.4ϫ3.9-8.8 mm), singulae aut binae, per gemmationem multipolarem reproducentes. In medio liquido fermentatione sedimentum et pellicula crassus formantur. In agaro YM post dies 3 ad 28°C, niveus vel linearis albida et pulverulentus cum mycelium marginella. In agaro farinae Zea mays post dies 3 ad 28°C, pseudomycelia, et blastoconidium formatur. In agaro YM, MA, et PDA post 28°C, asci non formantur.
Glucosum, sucrosum, maltosum et trehalosum fermentatur, sed non galactosum (infirme aut non) lactosum et raffinosum. Glucosum, galactosum, L-sorbosum (tarde aut occulutus), sucrosum, maltosum, cellobiosum, trehalosum, raffinosum, amylum solubile, Dxylosum, D-ribosum, N-acetyl-D-glucosaminum, ethanolum, glycerolum, erythritolum, ribitolum, D-manni- tolum, D-glucitolum, methyl a-D-glucosidum, salicinum, acidum D-gluconicum, acidum succinicum, et acidum citricum, sed non lactosum, melibiosum, melezitosum (infirme aut non), inulinum, L-arabinosum, D-arabinosum, L-rhamnosum, D-glucosaminum, methanolum, galactitolum, acidum DL-lacticum assimilantur nec inositolum. Kalium nitricum, ethylaminum, L-lysinum (tardus) et cadaverinum, sed non kalium nitracum (infirme) assimilantur. Augmentum in 37°C. Crescens in 10% natrio chlorido/5% glucoso, in 50% glucoso et 0. khmerensis, pertaining to Khmer (Cambodia), where the yeast was originally isolated).
Growth in YM medium: after 3 days at 28°C, the cells are spherical to ovoid (2.5-4.4ϫ3.9-8.8 mm), single or in pairs. Budding is multipolar (Fig. 5-A) . Sediment and pericle are formed on the surface of the fermentation media. Growth on YM agar medium: after 3 days at 28°C, the streak culture is white to off-white in color, powdering with a clear mycelial border. Dalmau plate culture on YM and MA agar: after 3 days at 28°C, true and pseudo-hyphae are formed (Fig. 5-B) . Blastoconidia are formed on denticles (Fig. 5-B) . Formation of ascospores was not detected.
Glucose, sucrose, maltose, and trehalose are fermented, but galactose (weak or negative), lactose and raffinose are not. Glucose, galactose, L-sorbose (slow or latent), sucrose, maltose, cellobiose, trehalose, raffinose, soluble starch, D-xylose, D-ribose, N-acetyl-Dglucosamine, ethanol, glycerol, erythritol, ribitol, D- mannitol, D-glucitol, a-methyl-D-glucoside, salicin, Dgluconate, succinate, and citrate are assimilated as carbon compounds, but lactose, melibiose, melezitose (weak or negative), inulin, L-arabinose, D-arabinose, Lrhamnose, D-glucosamine, methanol, galactitol, DL-lactate, and inositol are not.
Potassium nitrite, ethylamine, L-lysine (slow), and cadaverine are assimilated as sole nitrogen sources, but potassium nitrate is not. Growth at 37 and 40°C is negative. Growth in 10% NaCl plus 5% glucose in a yeast nitrogen base is positive. Growth on 50% (w/w) glucose-yeast extract agar and in 0.5 M LiCl YM broth is positive. Growth on 60% (w/w) glucose-yeast extract 2005 Candida khmerensis sp. nov. 241 
